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Abstract 
Renewable energies are growing fast and have occupied great percentage in power generation. However, one major 
drawback of most renewable energies is the variability due to the stochastic nature of wind speed, solar irradiation, 
and etc. It is important to integrate the risk of wind power’s uncertainty into profitability assessments for investors. In 
this paper, certain effective ideas from portfolio theory in financial engineering field are exploited to deal with 
renewable energies as risky assets to be invested. It’s a systematic way to neutralize risks as well as maximize return 
values. To adjust these financial tools used to solve renewable energy's problem, some other financial models and 
concepts are introduced. Time Series models, ARMA (autoregressive moving average), GARCH (generalized 
autoregressive conditional heteroscedasticity) and PSO (particle swarm optimization) algorithm are utilized to modify 
data to be real-time effective. Utility function is introduced to evaluate different energy resources. This paper is 
abundant with interdisciplinary ideas using advanced risk management methods on renewable energy issues. The 
proposed approach is also applied in real world problem to provide consulting evidence for power system planning 
and dispatching in Gansu province, northwest of China. 
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1. Introduction 
Worldwide developments have highlighted the security, economic, and human costs of relying so 
heavily on fossil and nuclear energy. Average global surface temperatures in 2010 tied those in 2005 as 
the warmest on record. Despite the recession, total global investment in renewable energy broke a new 
record in this year [1].  
To harness the fluctuate energies such as wind and irradiation, and avoid the similar crises to occur in 
power system, many approaches and studies have focused on dealing with variability of renewable 
resources. V. Gass presents statistical simulation methods and CVAR (conditional value at risk) to deal 
with risks from stochastic wind speed [2]. Kwon has elaborated a numerical procedure for evaluating the 
uncertainty caused by wind variability [3]. Jun-Hai Shi uses multi-objective genetic algorithms to find a 
trade-off in a hybrid energy system [4]. Celik formulated a non-linear method to test the design of hybrid 
energy system [5]. Saoussen BRINI use evolutionary algorithms to optimize the combination in hybrid 
system [6] 
In this paper, the essential ideas of portfolio theory are introduced from its concepts to its pragmatic 
financial value demonstrated in financial world. To adjust portfolio theory to energy problems, renewable 
energy resources share some major characteristics with risky assets to be invested in markets. Thus, 
comprehensive values of renewable generating resources measured by utility function are defined as 
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expected return respectively. To gain more time sensitivity and practical sophistication, Time Series 
models: ARMA (autoregressive moving average) and GARCH (generalized autoregressive conditional 
heteroscedasticity) are used to get the improved results. During these processes, statistic software and 
PSO (particle swarm optimization) are utilized. 
2. Portfolio Theory 
In real life, we often face problem like how should we invest our resources to get more profits. The 
objective is to maximize the expected return while minimize the risk. The work of this paper is to find the 
optimal compromises between expected return and risk based on portfolio theory whose main idea to deal 
with this problem is to reduce risk by diversifying the portfolio of different generating method used.  
Next section shows the idea of portfolio through combining two risky energy resources -- wind and 
solar PV power -- with a risk free energy resource -- traditional thermal power.  
Fig.1 Relation between risk and return of two risky assets  
                                                                                                             
Fig.2 Relation between risk and return of two risky assets and 
a risk-free one 
The possible values of g R( , ( ))E Rσ  for a portfolio consisting of the fixed portfolio of two risky energy 
resources and the risk-free energy resource is a line connecting the point F with a point on the efficient 
frontier. The slope of each line is the Sharpe's ratio. This portfolio is the tangency portfolio since its line is 
tangent to the efficient frontier. The tangency portfolio uses weight: 
 
                        (1) 
 
whereμ1, μ2 are the expected returns of two risky assets. σ1, σ2 are standard deviations. ρ12 is the 
correlation coefficient. V1=μ1-μf, V2=μ2-μf. The expected return and variance of tangency of portfolio is. 
Combining the tangency portfolio with the risk-free thermal power, the total return and variance is  
 
 
             (2) 
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  Based on this tangency portfolio effective frontier, planners or investors are able to make decisions to fulfill optimal return bearing controlled risk.  
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3. Procedures of Modeling 
3.1 Utility function 
The utility function expresses utility as a function of consumption of real goods (pounds, gallons, 
kilograms, liters) as opposed to nominal goods (Dollars, Euros). In this paper, two factors are considered 
to build a utility function. The first factor is the Social value of electricity generation defined as F1. The 
other is the environmental cost that measured by the cost of emission quota. F2 denote the environmental 
factor.  
Tab. 1 Carbon emission of energies [10] 
Energy Type Coal PV Wind 
Carbon Emission (g/kwh) 975 53 29 
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This system concerns resources consuming (F1) and environmental effect (F2) expected return can be 
measured by this utility function system to provide a reasonable view to determine the merits for energy 
saving and low emission resources. 
3.2 Time Series Analysis 
The goal of this is to provide supports to make future decision on the ratio of combination of all kinds 
of energy resources. In the light of this, using time series model to process raw data is meaningful to 
simulating future situation better. Here, this paper uses ARMA to modify the mean of raw data series and 
GARCH model to adjust variance [7]. 
Time series { }t tX X= is said to be an auto-regressive moving average time series of order p and q if 
there exists a white noise { }t tW W= such that: 
 
(6) 
Where φi and θi are parameters of this model 
GARCH (p, q) model t t t tX Wμ σ= + where, as before, we assume that the noise sequence{ }t tW   is i.i.d. 
N (0, 1), μt is an estimation of mean in time t, σt is a estimation for σ in time t. So the conditional 
distribution of {Xt} is: 
(7) 
 
(8)
  
 
This model is a good adjustment for μ and σ to make them much more time sensitive so that more 
appropriate for real time random process analysis and decision making. 
3.3 Wind Power and PV Power models 
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For wind Power, commonly used model is as 
follow: 
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Where  
vci, vr and vout: cut in speed, rated speed, 
and cut-off speed of the wind turbine, 
respectively; 
Prated: output power of the wind turbine 
during state; 
vaw: average wind speed of state . 
Photovoltaic Power model is 
 
 
                                                                                                               
 
 
 
 
 
Tcy: cell temperature oC during state y; 
TA: ambient temperature oC; 
Kv: voltage temperature coefficient V/ oC; 
Ki: current temperature coefficient A/ oC;
NOT: nominal operating temperature of cell 
in oC; 
FF: fill factor;   
 
4. Real World Practice 
This is real example using this method to analyze planning and dispatching problem in Gansu Province 
in northwest of China. Gansu province is a perfect objective region for such analysis because it has 
abundant resources both in solar radiation and wind power. The power system in Gansu faces problems to 
address randomness and discontinuity when taking advantage of richness of renewable energy resources. 
This paper use raw data collected from January 1st, 2010 to January 31st, 2010 sampled every 10 minutes 
to explore a optimal decision of dispatching in different renewable resources. Those data includes wind 
speed in m/s and corrDHI (Dirct Horizontal Irradiation) in W/m2. The two figures are the historical data 
plots: 
 
Fig.3 Historical solar irradiation & wind speed 
Use Statistic Software Minitab to operate the ARMA model[8], this paper use ARMA(3,2) with 
seasonal factor: 
Mean (wind-power)=0.333 
(11)
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Fig.5 output of wind power and PV power 
To estimate Photovoltaic Power, using ARMA (1,1) with seasonal factor: 
Mean(PV-power)=0.347 
 (12) 
 
Then use PSO (particle swarm optimization) and GARCH to compute the adjusted standard deviation 
[9]. PSO is inspired from the collective behavior exhibited in swarms of social insects (Kennedy and 
Eberhart, 1995). It has turned out to be an effective optimizer in dealing with a broad variety of 
engineering design problems. Here it's used with GARCH to solve the adjusted standard deviation. 
s.d.(wind-power)=0.156. s.d.(PV-power)=0.224. Correlation coefficient 0.0366ρ =        
The solid line is the efficient frontier of this combination of wind, PV, and Thermal Power generation. 
 
Fig.8 optimal frontier of the portfolio 
Using the formula of portfolio theory, assume the planner wants a risk limited below a bound 
0.05Rσ =  
                                                                                             
                                               (13) 
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                            (15) 
  
So, in this particular situation and specific time, the optimal ratio from portfolio theory of thermal, 
wind and photovoltaic is 61.6%, 25.0% and 13.4% correspondingly. This result can be a ground evidence 
for configuration and planning for power system development. In Gansu province China which will be 
the energy center, this undergone consulting project is truly meaningful. Compared to the traditional 
method used in northeast China, which dispatch mostly by empiricism and policies, this approach reduced 
much cost on reserves while assuage considerable power fluctuation of renewable energies in Gansu by 
10% - 20% reported.  
5. Conclusion 
To determine the ratio of different kinds of power generation resources in a bulky power system is a 
very complicated problem which involves many issues such as reliability of power system, randomness 
and intermittence of some renewable resource, economy and various policies, and etc. This paper presents 
an idea from financial engineering to approach a compromise of multiple objectives. Through building 
sophisticated utility functions, time series models (ARMA, GARCH), Portfolio theory and PSO algorithm, 
this method renders an updated and pragmatic way to solve the configuration and dispatching problem of 
renewable problems. The idea of this novel is approved and undergoing detailed modification in Gansu, 
with more data importing and sophisticated model building, the result will provide governors or 
dispatchers of power system sound consulting evidences to make decision. With more renewable 
resources inject into electrical system, dispatch are required to be more real-time thus more random 
process ideas may be introduced into management of power system. Such efficient decision-making 
mechanism based on financial tools will have much more development in electrical market just as 
financial market does. 
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